Because of the large and varied animal popu¬ lation on this farm, a long-term study was undertaken by the authors in January 1964. The primary purpose was to examine the significance of leptospiral infections in a confined population, with known parameters. This re¬ port describes the first year of the study of the domestic animal, wild animal, and human populations of the farm, where several serotypes of Leptospira were present. Microscopic agglutination (MA) testing of 100 serums col¬ lected from the dairy cattle on the farm in 1960 and 1962 had revealed no antibodies against L. grippotyphosa.
Materials and Methods
Our study was made on a State institutional farm, a roughly square area of approximately 1,100 acres (fig. 1 ). The agricultural section in 1964 was almost equally divided between cropland and pasture. The other section contained dormitories, administration buildings, recreation areas, and so on, for approximately 1,000 residents.
A dairy-cow herd of approximately 85 milking animals and a swine-breeding herd of ap¬ proximately 40 sows were maintained separately on the farm. Dairy steers were pastured with the milking animals. A herd of 50 to 75 beef steers also was maintained separately. Each steer weighed approximately 700 pounds when purchased and was slaughtered on the Rolling pasture with some wooded areas, generally good drainage except for several low, poorly drained regions. 2. Rolling pasture with some trees, good drainage. 3. Flat pasture with some trees, fair drainage. 4. Flat grassland with nursery trees and shrubs, fair drainage. 5 . Flat pasture with no trees, poor to fair drainage. 6 . Flat to gently rolling pasture with no trees, fair to good drainage. 7 . Flat pasture with no trees, fair drainage. 8 . Slightly sloped pasture with no trees, fair to good drainage. 9. Gently rolling area for swine production, fair to good drainage. 10 . Flat pasture with no trees, poor to fair drainage. 11 . Flat feedlot for beef steers, poor to fair drainage. premises for local consumption when it weighed 800 to 1,000 pounds.
Urine and blood specimens for bacteriological and serologic testing were obtained during the study period from animals suspected of having leptospiral infections. Beginning January 1964, blood samples were taken from animals entering or leaving the farm. Blood samples from other animals normally were taken at least once a year.
Cattle serums were routinely tested against antigens of L. grippotyphosa, Leptospira au-tumnaliS) and Leptospira pomona by means of the MA test. Leptospira sejroe antigen was included in tests on the bovine serums until mid-September 1964. Leptospira hardjo was then substituted for L. sejroe for the remainder of the study. In addition, bovine serums collected during December 1964 were tested against Leptospira ballum and Leptospira icterohaemorrhagiae. All swine serums were tested against antigens of L. grippotyphosa, L. autumnalis, L. sejroe, and L. pomona. The MA test was conducted with live antigens according to the method recommended by the U.S. Livestock Sanitary Association (11) . An MA titer of 1:100 or greater was considered as positive.
Wild animals were trapped on the farm for 7 days in March, 10 animals for MA testing against the following antigens: L. autumnalis, L. battum, Leptospira canicola, L. grippotyphosa, L. icterohaemorrhagiae, and L. pomona. In addition, the serums collected in March and May were tested against Leptospira hyos antigen, serums col¬ lected from wild animals in March and August were tested against L. sejroe antigen, and serums obtained in May were tested for L. hardjo antibodies.
Using the aseptic technique, approximately 1 to 2 gm. of kidney tissue from each animal were forced through a sterile 2%-ml. disposable syringe into 4 ml. of bovine albumin and polysorbate 80 medium (12) containing 200 /*g. of 5 fluorouracil per milliliter (13) . Approxi¬ mately 0.5 ml. of this culture was transferred immediately into a similar tube of medium. When urine was available, two or three drops were put into a separate tube of medium.
Blood specimens were collected from the jugular vein with sterile disposable syringes and needles for attempts at isolation. Two or three drops of blood were then put in 4 mL of medium. Culture tubes were incubated at 30* C. Darkfield examinations of cultures were made at weekly intervals for 2 months.
The records of the institution's hospital were examined for histories of persons who were ill with fevers of unknown origin. The attending physicians were alerted to the presence of lepto¬ spiral infections within the animal population. They were requested to report any illnesses suggestive of leptospirosis. Serum 
Results
Cattle. The serums collected from the milking dairy cattle in January 1964 and examined for L. grippotyphosa antibodies revealed a reactor rate of 36 percent (35 of 97). Fifteen of eighteen L. autummalis reactors had higher titers against L. grippotyphosa. No other ani¬ mals were tested in January. All dairy cattle were tested in April 1964. One new reactor was found among the 98 cattle composing the milking line at that time; 67 of these cattle were in the milking line both times. Eight cattle that had reacted in January tested negative in April. Only 2.3 percent (3 of 130) of the serums col¬ lected from dry cows, heifers, dairy steers, and calves reacted against L. grippotyphosa.
In the next 3 months, 30 dairy cattle were added to the farm's herd through purchase or birth. ISTone of their serums reacted with the antigens used. During the period, repeat serums from 41 previously negative dairy cat¬ tle were tested. Three (7.3 percent) had devel¬ oped MA titers to L. grippotyphosa. A dairy heifer in pasture 1, bred in February and found by rectal examination to be pregnant 42 days after breeding, was not pregnant when re-examined July 20, 1964. When the heifer was slaughtered July 23, 1964, its serum had a titer of 1:10,000 against L. grippotyphosa anti¬ gen. Only 2 of 73 cattle had been reactive when they entered pasture 1 in the spring, and both had titers of 1:100.
On July 30, blood specimens from the 73 cat¬ tle in pasture 1 were cultured and tested against four leptospiral antigens. L. grippotyphosa was recovered from the blood of four animals. N"one of the four serums contained detectable L. grippotyphosa antibodies, but serums col¬ lected 13 days later were reactive. Eight (11 percent) of the 73 serums collected July 30 con¬ tained L. grippotyphosa antibodies. Thirteen days later, blood samples were again collected from the 65 cattle whose serums had been negative on July 30. An attempt also was made then to isolate leptospira from the urine of five of six cattle that had recently de¬ veloped antibodies against L. grippotyphosa. The organism was isolated from the urine of one cow. During the 13-day period, 21 (32.3 percent) of the 65 cattle whose serums previ¬ ously were negative developed MA titers against L. grippotyphosa.
For the 71 serologically negative cattle in pasture 1 at the beginning of the outbreak, the 1964 conversion rate was 62 percent. During the same 9-month period (April through De¬ cember) the conversion rate among the 147 pre¬ viously negative dairy cattle in all other pastures was only 4.7 percent. The explosiveness of the outbreak was indicated further when 29 cattle that had been removed from pasture 1 just before the outbreak were still negative in December.
Antibodies against L. ballum were demon¬ strated in 4 of 105 mature cattle tested in De¬ cember. Attempts to isolate leptospires from the urine of two of the four cattle were unsuccessful.
Of 91 serums collected from dairy calves under 6 months of age, only 3 contained L. grippotyphosa antibodies. The serums col¬ lected from their three dams before calving exhibited L. grippotyphosa titers, a result which suggested that the antibodies were colostric. It could not be determined from the herd records which animals had aborted and which had failed to conceive; however, it was esti¬ mated that approximately 21 dairy animals had aborted during 1964. Serums from 14 of the 21 reacted against L. grippotyphosa. These abortions were the only evident clinical manifestations in the dairy cattle. Serum specimens collected from 166 beef cat¬ tle when purchased were tested for leptospiral antibodies during 1964. Nineteen (11.7 per¬ cent) of the 163 tested against either L. hardjo or L. sejroe antigens were reactive.
Serums from two other beef animals con¬ tained MA antibodies, one against L. grippo¬ typhosa and the other against L. pomona. Blood samples were taken at slaughter time from 68 cattle whose serums had been negative originally for all serotypes used; 53 of the 68 had been in the beef herd for more than 2 months, and 15 had been on the farm for less than 2 months. Four of the 68 developed titers against L. hardjo antigen (table 1) (table 2) . Serums from 9 of the 12 animals were tested serologically. Serums from one house mouse reacted against L. baUum and from another against L. canicola. L. ballum was isolated from both mice (table 2) .
Eleven isolations were made from 115 ani¬ mals trapped in May. L. baUum was isolated from three house mice, two Norway rats, and one opossum (Didelphis marsupialis virgimana); L. icterohaemorrhagiae was isolated from three Norway rats. Two additional iso¬ lations from Norway rats were lost as a result of contamination before typing could be com¬ pleted. Thirteen of 107 serums (12.1 percent) tested were reactive: 8 against L. battum. 2 against L. autumnaMs, 2 against L. canicola, and 1 against L. canicola and L. icterohaemor¬ rhagiae. Seven animals were both serologically and culturally positive. The area numbers of collection of the animals that tested positive are listed in tables 2 and 3.
Nine isolations were made from the 71 ani¬ mals collected in August. L. baUum was iso¬ lated from four house mice and one Norway rat, and L. grippotyphosa was isolated from three immature raccoons (Procyon lotor), and one adult opossum. All L. grippotyphosa isola¬ tions were from animals collected in pasture 1 autumnalis antibodies were demonstrated in the serums of the three raccoons from which L.
grippotyphosa was isolated. The serum from one also had L. canicola antibodies. Six ani¬ mals were positive on both cultural and serologic examinations. Leptospires were isolated from two animals from which kidney and urine samples had been cultured. Both kidney and urine cultures were positive. One of the animals was a raccoon which yielded L. grippotyphosa. Analysis of the data by age revealed that no more than 1 immature animal of any species was trapped during any period, with the fol¬ lowing exceptions: 4 of the 15 house mice col¬ lected in May were immature, as were 5 of 8 opossums collected in May, and 11 of 17 opossums collected in August. Three of 20 Norway rats and all 9 raccoons trapped in August were immature. The only isolations obtained were from three of the immature raccoons.
When serologic and isolation rates among the 37 Norway rats trapped in May were compared by sex, no differences were observed. However, in August, all isolations (one of eight) and re¬ actions (two of eight) from Norway rats were from males. The 12 female Norway rats col¬ lected in August were serologically and culturally negative. Information on species, age, sex, collection area, month collected, and serologic and bacteriological results are in tables 2 and 3. Human population. A search of the institution's hospital files beginning with September 1963 yielded a history of only one person who had reported to the clinic with complaints suggestive of leptospiral infection. In March 1964 blood samples were collected from this person and all other persons working on the farm or in the farm kitchen. Of 103 serums 4 had titers of 1:100 against L. autumnalis; 3 were from farm employees and 1 from a student working on the farm. Interrogation of the four failed to reveal a history of any illness suggestive of leptospirosis. Eepeat tests of serum from three of the four persons failed to yield leptospiral titers. The institution's physicians did not report human illness suggestive of leptospirosis during the study period.
Physical environment. The pH values of most of the soil samples collected from the farm in 1963 were between 6.2 and 6.8 (fig. 2 ). Only soil from pastures 1 and 6 had average pH values within the alkaline range (7.3 and 7.1).
The amount of precipitation recorded at the local weather station during July and Novem-VoL 82, No. 1, ber 1964 was greater than during the same months of the previous 4 years. The July 1964 rainfall was 5.89 inches and the 1960-63 mean for July was 4.53 inches. The November 1964 precipitation was 3.5 inches as compared with the 1960-63 mean of 1.7 inches.
Examination of the water-drainage routes shown on the contour map (fig. 2 ) revealed that surface water from the pastures did not drain to the fields used by other herds. The pastures used for the beef cattle and swine herds were separated by a paved road.
Discussion
The difference in L. grippotyphosa reactor rates in April within the dairy herd (21 percent for the milking cattle and 2.3 percent for dry cows, heif ers, dairy steers, and calves) suggested that before that time some unknown factor had been operating to contain the infection among the cattle in the milking line. The dairy cattle had been kept in pasture 1 during the summer and fall of 1963 just before the first isolation of L. grippotyphosa. This was the same pasture in which the L. grippotyphosa outbreak oc¬ curred in 1964. The development of antibody in 21 of 65 cattle within a 13-day period of the 1964 L. grippotyphosa outbreak indicated that a point source outbreak occurred among the ani¬ mals in pasture 1.
The different reactor rates in the various pas¬ tures during 1964, plus the sudden appearance of L. grippotyphosa infections in wild animals trapped in this pasture during August, substantiated the theory that the outbreak was localized in this pasture. The presence of two reactor cattle in pasture 1 before the outbreak and the failure to detect L. grippotyphosa in¬ fection in wild animals 3 months earlier sug¬ gested that the initial source of infection may have been the cattle. There was no evidence to indicate that this particular outbreak of L. grippotyphosa originated in the wild animal population or that L. grippotyphosa reservoirs were present within the wild animal population examined on this farm. Factors conducive to the transmission of leptospires in pasture 1 were the soil pH of 7.3, favorable terrain and precipitation, and a high percentage of susceptible cattle. The slightly alkaline soil provided a suitable environment for the survival of leptospires, while excess pre¬ cipitation produced a swamp in a low area of the pasture. The introduction of leptospires into this swampy area, which was then used as a source of water by the susceptible cattle and wild animal populations, could explain the explosive nature of the outbreak.
L. hardjo conversions within the beef herd were detected in November and December, an¬ other period when the rainfall was greater than the seasonal average. The isolation of L. hardjo from the beef cattle in January 1965 provided evidence that the L. sejroe reactions actually represented cross reactions due to infection with L. hardjo. The authors found no published reports of an isolation of L. hardjo in the State of Illinois.
Most of the L. autumndlis titers in the dairy cattle serums apparently represent cross reac¬ tions with L. grippotyphosa. The presence of the low titers for L. autumnalis found in the swine and human serums cannot be explained on this basis. The evidence did not indicate whether these titers were specific. L. ballum was isolated and antibodies fre¬ quently were demonstrated among the Norway rats and house mice trapped in May and Au¬ gust. The different rates that existed between the Norway rats trapped in May and August were due to the absence of infection in the 12 female rats collected in August. If a true difference in infection rates existed, we are unable to give the reason. The reservoir of L. ballum in the farm rodents provided a constant opportunity for exposure of the dairy cattle. The presence of L. ballum antibodies in cattle serums demonstrated that infections had occurred.
L. ballum seemed to be the most widespread serotype on the farm with some degree of probable cross infection between the cattle and wild animals. However, L. grippotyphosa also was isolated from both wild animals and dairy cat¬ tle. The low percentages of L. grippotyphosa antibodies in the swine and beef cattle serums and of L. hardjo reactions in the swine and dairy cattle serums suggested that the lepto¬ spiral infections were limited to specific herds maintained on the same farm.
The absence of clinical disease in man and the low reactor rate in hnman serums indicated that very little, if any, leptospirosis was oocurring among the human population on the farm. Gives a brief description of the Packaged Disaster Hospital (PDH) and its uses, and a questionnaire requiring "yes" or "no" answers to be filled out by community emergency health planners whose disaster plans include the operation of a PDH.
The answers indicate whether or not all necessary plans have been made which wiU permit efficient setup and operation of the unit following a disaster.
Provides a suggested staflmg pat¬ tern, floor plans for the operating site, requirements for outside serv¬ ices, and a list of printed forms and publications included in the pack¬ aged hospital. 
